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® A liquid drop forming device. 



(g) A liquid drop forming device (10) for a liquid 
drop analyser (1) has a body member (21) with a 
conical drop supporting surface (22). Ducts (25) are 
provided in the body member (21) for delivery of 
discrete quantities of a sample liquid from a syringe 
(26) to the drop supporting surface (22) to fonn a 
pendant drop (27) at the drop supporting surface 
(22). Radiation guides (2. 3) are mounted on the 
body member (21) and comprise optical fibres for- 
ming a delivery guide (2) to deliver a radiation signal 
from the analyser (1) to the drop (27) and a receiver 
guide (3) to collect radiation from the drop (27) and 
return an output signal to a detector circuit (28) of 
the analyser (1 ). 

^ Means may be provided to apply a stimulus 

^such as vibrations to the drop (27). 
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This invention relates to a liquid drop analyser 
and in particular to a drop forming device for such 
an instrument. 

A particularly suitable form of liquid drop an- 
alyser is described in Irish Patent Application No. 
947/87, filed in- the name of the inventor of the 
present Application, Norman McMillan, which de- 
scribes an apparatus for measuring a property of a 
liquid comprising at feast one guide for electromag- 
netic radiation, means for directing electromagnetic 
radiation into the guide, means for providing at 
least one drop of liquid in contact with the guide at 
a position where radiation from the guide can enter 
the drop and means for deriving a signal which is a 
function of the Interactibn of the radiation with the 
liquid of the drop. 

The properties that may be measured include 
inter alia a wide range of physical, chemical, elec- 
trical, opto-acoustical and other properties of a 
liquid either, singly of in combination with other 
liquids. These include, for example, the refractive 
index, surface tension, viscosity, fluorescence etc. 

According to the invention there is provided a 
liquid drop fomning device for a liquid drop an- 
alyser, comprising a body member, means to de- 
liver discrete quantities of liquid to a liquid drop 
supporting surface on the body member to form a 
pendant drop and at least one radiation guide 
mounted on the body member, an end of the guide 
terminating adjacent the drop supporting surface. 

The term radiation as used in this specification 
Is taken to include electromagnetic radiation and 
ultrasonic radiation. 

The invention will be more cleariy understood 
from the following description of some preferred 
embodiments thereof, given by way of example 
only, with reference to the accompanying drawings 
in which: 

Rg. 1 is a schematic diagram of liquid drop 
analyser which could incorporate the drop forming 
device according to the present invention, 

Rg. 2 is a cross-sectional view of a drop 
forming device according to the invention, 

Rg. 3 is a side view showing the drop for- 
ming device of Rg. 2 with a pendant drop, 

Rgs. 4 and 5 are typical cross-sectional 
views of alternative drop forming devices according 
to the invention, 

Rg. 6(a) and (b) are typical readout signal 
traces achieved with the liquid drop analyser such 
as illustrated in Rg. 1 , 

Rgs. 7 to 20 (inclusive) are typical side or 
cross-sectional views of other constructions of drop 
forming device according to the invention. 

Referring to the drawings and initially to Rgs. 1 
to 3 tiiereof, there is Illustrated a liquid, drop an- 
alyser indicated generally by the reference numeral 
1. Two radiation guides namely a delivery guide 2 



and a receiver guide 3, in this embodiment formed 
by optical fibres, are mounted within a drop for- 
ming device, indicated generally by tiie reference 
numeral 10. The drop forming device 10 comprises 

5 a cone shaped body member 21 having a conical 
outer surface 22 terminating in a sharp apex 23. a 
sample liquid supply pipe 24 feeds liquid tiirough 
internal ducts 25 onto the conical outer surface 22 
from a syringe 26 to tiie drop forming device 10. 

10 The body 21 has a cone angle alpha (see Rg. 3) 
which is preferably in the range 45* to 70*. An 
alpha angle of 62* has been found particularly 
suitable. This cone angle must be chosen so tiiat 
the angle of contact between the liquid and the 

16 surface of tiie cone is tiie same, that all drops 
fomning on a cone of a given angle are similar in 
shape at the unstable stage immediately before 
tiiey drop off the cone. The condition of constant 
contact angle is of course achieved in practice by 

20 ensuring that tiie angle is zero, i.e. tiiat the liquid 
wets the tip of the cone. Thus, the cone angle wilt 
vary depending on tiie liquid being tested. How- 
ever, it is only necessary to have the cone angle 
approximately correct An advantage of fomning a 

25 drop with a zero contact angle between the drop 
and the support surface is that in the measurement 
of drop times, drop weight, drop volumes or what- 
ever other methods of analysis are used the cor- 
rections which are associated with other drop sup- 

30 port systems such as the bare fibres themselves 
are not necessary. 

tn use. in the liquid drop analyser 1 illustrated 
the radiation used is light and the sample liquid 
from the syringe 26 is delivered through the supply 

35 pipe 24 and ducts 25 onto the conical surface 22. 
Liquid travels down the conical surface 22 to form 
a drop indicated by the reference numeral 27 in 
Rg. 3. Light is delivered tfirough the delivery guide 
2 and from the drop 27 to the receiver guide 3 to a 

40 detector circuit 28 of tiie liquid drop analyser 1. 

In some of tiie drawings hereinafter various 
portions such as the radiation guides are often 
omitted for clarity. It will be appreciated that they 
must be incorporated in each body member, 

46 Refening to Rg. 4 tiiere is Illustrated an alter- 

native construction of drop forming device indi- 
cated generally by the reference numeral 30 in 
which parts similar to those described with refer- 
ence to tiie previous drawings are identified by the 

50 same reference numerals, in this embodiment 
there is a plurality of radially arranged ducts 25. 

Referring to Rg. 5 there is illustrated an alter- 
native construction of drop forming device indi- 
cated generally by tiie reference numeral 40 and 

55 again parts similar to those described with refer- 
ence to tiie previous drawings are, identified by the 
same reference numerals. In this embodiment a 
plurality of circular -grooves 41 are provided in the 
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conical outer surface 22 for distribution of liquid 
around the body member 21. The grooves 41 
cause liquid delivered down the conical surface 22 
from the ducts 25 to coalesce Into a ring and the 
ring of liquid then feeds the drop 27 being formed 
at the apex 23 in a more uniform and satisfactory 
manner. 

It will be appreciated that the signal derived 
from the liquid drop analyser 1 is a signal which 
has been reflected within the pendant drop 27 and 
can be a signal with a multiplicity of reflections. In 
some cases fight is not reflected at the surface of 
the drop but may be absorbed within the drop, for 
example, by a fluorescent material which subse- 
quently emits light and this emitted light Is picl<ed 
up by the receiver guide 3. Further, the light signai 
may in some cases be reflected from particulate 
material within the drop. Rg. 8{a) Illustrates a typi- 
cal signal derived, the two pulses A being the pulse 
received as the drop is fully formed and falls and 
the intennnediate signal B is the signal that is 
achieved as the drop Is being formed. In many 
Instances It may be necessary to separate the 
signals Into those occurring when there are three 
reflections, four reflections and so on within the 
drop 27. A typical signai trace derived in this case 
is shown in Rg. 6(b>. The peaks B1, 82, 83 and 84 
con^espond to the signals received after one, two, 
three and four reflections respectively within the 
drop. This signai trace may be achieved by the use 
of a drop fonning device illustrated In Rg, 7 and 
Identified by the reference numeral 50, having a 
conical body member 51. In this case a pair of 
radiation guides 52 and 53 are provided within 
socicets 54 and 55 respectively. The radiation 
guides 52 and 53 can thus be adjustably mounted 
on the body member 51 for variation of the angle 
at which radiation Is delivered into or collected 
from a pendant drop, in this particular drop forming 
device 50 the supply pipe 24 delivers to an inline 
central bore 56 exiting at the lowermost portion of 
the body member 51 at 57. This particular con- 
struction of bore 56 has been found particularly 
suitable as a drop is formed in the best possible 
position for regular controlled formation. 

Referring to Rg. 8 tiiere Is illustrated a drop 
fonning device indicated generally by the reference 
numeral 60 having a body member 61 of frustro- 
conical shape. The frustro-conical shape is of no 
particular significance. The body member 61 termi- 
nates In a flat surface 62 Into which projects the 
radiation guides 2 and 3 and a central supply pipe 
63. 

Referring to Rg. 9 there is illustrated a further 
drop forming device indicated generally by the 
reference numeral 70 in which parts similar to 
tiiose described with reference to Rg. 8 are Iden- 
tified by tiie same reference numerals. In this em- 



bodiment, tiie radiation guides 2, 3 diverge for 
transmission and collection of radiation adjacent an 
inner surface of a pendant drop 27. The path 
travelled by light tiirough the drop 27 is indicated 

5 by tiie brolcen line 71. The advantage of this ar- 
rangement of radiation guides 2,3 is tiiat informa- 
tion on conditions at the surface of a drop can be 
coUected. It will be appreciated that this type of 
anrangement of the radiation guides may be incor- 

70 porated in the conical drop fonming devices de- 
scribed previously. 

Referring to Rg. 10 tiiere is illustrated portion 
of a drop forming device indicated generally by the 
reference numeral 80 with a body member 81 

76 formed by a ring with an inner drop supporting 
surface 82. Again parts similar to tiiose described 
with reference to the previous drawings are iden- 
tified by the same reference numerals. 

Referring to Rg. 1 1 tiiere is illustrated an alter- 

20 native construction of drop forming device indi- 
cated generally by the reference numeral 90 hav- 
ing a body member 91 in which is mounted a 
delivery radiation guide 92 fonmed from an optical 
fibre and a receiver radiation guide 93 formed from 

25 an optical fibre having a looped end 94 projecting 
out of the body member 91. This looped end 94 
has its cladding or external coating removed to 
pick up or emit signals in the drop. Both ends of 
the receiver radiation guide 93 may be coupled 

30 one to a light source and one to a detector. Alter- 
natively, both ends may be connected to separate 
detectors. In thiis case a different signai would be 
picked up by each detector and a differential de- 
tection system based on a comparison of the sig- 

05 nals in each detector may in some cases be ad- 
vantageous. It will also be appreciated that you can 
get light to couple into or out of the fibre at the 
point where the cladding has been removed, such 
light is associated with the evanescent wave. This, 

40 it will be appreciated, is the wave which in an 
ordinary fibre will travel in the cladding and not in 
the core. In certain measurements it may be ad- 
vantageous to collect such light. 

Referring now to Rg. 12, heretofore the drop 

46 forming devices have all been illustrated for liquids 
that have angles of contact less than 90 * however, 
tiiere are a number of liquids that have angles of 
contact greater ttian 90* and in such instances 
there is pmvided a drop forming device indicated 

50 generally by the reference numeral 100 having a 
body member 101 with supply pipe 102 delivering 
to an inverted conical hole 103 Into which also 
feeds radiation guides 104 and 105. 

In many instances, it Is necessary to provide 

55 extemal stimulation to a pendant drop, for example, 
in Rg. 13 tiiere is illustrated a drop fonming device 
indicated generally by tiie reference numeral 110 
which is rotatable by gearing 111 and 112, parts 
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similar to those described with reference to the 
previous drawings are identified by the same refer- 
ence numerals. 

In many instances it is necessary to provide 
vibration to a drop and a suitable embodiment 
which enables this to be done is illustrated In Rg. 
14 in which there Is a drop fbmiing device in* 
dicated generally by the reference numeral 120 
having a body member 121 with a central bore 122 
for reception of a vibrator rod 123,. It will be appre- 
ciated that many other alternative anrangements for 
vibrating the drop are possible. 

In some cases it Is necessary to apply an 
electric field to the drop forming device. Referring 
to Rg. 15 there is illustrated the drop forming 
device 40 of Rg. 5 mounted between a pair of 
capacitor plates 125 and 126 powered by either AC 
or DC current from a power source 127. 

Rg, 16 illustrates the drop forming device 10 of 
Figs. 2 and 3 having a high tension rod 128 for 
bombarding the pendant drop 27 with electrons to 
charge the drop 27. 

Referring to Rg. 17 there is illustrated a drop 
forming device indicated generally by the reference 
numeral 130 having a body member 131. The body 
member 131 has a central bore 132 fed from an 
electrolyte storage tank 133 in which is mounted an 
electrode 134. At the bottom of the bore 132 is a 
porous plug 135. A liquid supply pipe 136 Is pro- 
vided. The electrode 134 allows a drop 27 to be 
charged with ions which produce changes in the 
shape of the drop 27 which can be used for mea- 
surement of various properties such as electro- 
chemical properties of the sample liquid. 

Refem'ng to Rg. 18 there is illustrated the drop 
forming device 10 mounted within a solenoid 140 
to provide a magnetic field. It will be appreciated 
the application of a magnetic field to a liquid which 
is either itself magnetic or contains magnetic par- 
ticulate matter will be advantageous. 

Referring to Rg. 19 there is illustrated a drop 
forming device Indicated generally by the reference 
numeral 150 having a body member 151 iand a 
central supply pipe 152 similar to those previously 
described for forming the pendant drop 27. In this 
embodiment there is provided a secondary liquid 
feed 153 which delivers through a bore 154 to the 
outer conical surface 155 of the body member 151. 
This secondary liquid feed is provided to deliver 
discrete quantities of, for example, surface active 
liquid to tiie liquid drop 27, obviously subsequent 
to that liquid drop 27 having been at least partially 
formed. 

In many cases It is advantageous to apply s 
surface coating to the drop supporting surface, 
particularly for studying the interaction of solid sur- 
faces with liquids. Such surface coatings include 
inter alia but not exclusively molecular coatings, 



ions or electric charge for example. Referring to 
Rg. 20 there Is illustrated an alternative construc- 
tion of drop forming device indicated generally by 
the reference numeral 160 having a body member 

5 161 substantially similar to many of the body mem- 
bers hereinbefore described in which the outer 
conicar surface is covered by a molecular coating 
162. This would typically be a mono-layer of mol- 
ecules such as a Langmulr-Blodgett film. 

10 It will be appreciated that in the various em- 

bodiments of drop forming devices described here- 
in, two radiation guides are mounted on the body 
member. However, any desired number of radiation 
guides may be provided, one being the essential 

75 minimum. Further, In some cases one or more 
guides for ultrasonic radiation may be provided on 
the body member In addition to or instead of the 
guides for electromagnetic radiation such as light 
It is not tine punpose of this specification to lay 

20 out the type of test that may be carried out with 
typical liquid drop analysers and in particular the 
liquid drop analysers described in other patent 
specifications by us. The purpose of this specifica- 
tion is to describe and claim the construction of 

25 drop fbnming device. 



Claims 

30 1 . A liquid drop forming device for a liquid drop 

analyser, comprising a body member, means to 
deliver discrete quantities of liquid to a liquid drop 
supporting surface on the body member to form a 
pendant drop and at least one radiation guide 

3S mounted on the body member, an end of the guide 
terminating adjacent the drop supporting surface. 

2. A liquid drop forming device as claimed in 
Claim 1 wherein two radiation guides are provided 
namely, a delivery guide to deliver radiation to the 

40 drop and a receiver guide to collect radiation from 
the drop. 

3. A liquid drop fomning device as claimed in 
Claim 2 wherein the radiation guides diverge for 
transmission and collection of radiation adjacent an 

45 Inner surface of a pendant drop. 

4. A liquid drop forming device as claimed In 
Claim 2 or 3 wheroin the guides aro adjustably 
mounted on the body member for variation of the 
angle at which radiation Is delivered Into or col- 

so lected from a pendant drop. 

5. A liquid drop forming device as claimed In 
any preceding claim wherein each radiation guide 
Is an optical fibre. 

6. A liquid drop forming device as claimed in 
55 Claim 5 in which an optical fibre projects out of the 

body member to lie, in use, exposed within a 
pendant drop and in which the exposed portion of 
the optical fibre has Its extemal coating removed. 
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7. A liquid drop forming device as claimed in 
any preceding claim wherein the drop . supporting 
surface is substantially fiat. 

8. A liquid drop forming device as claimed in 

any of Claims 1 to 6 wherein the drop supporting 6 
surface is a tapered surface. 

9. A liquid drop forming device as claimed In 
Claim 8 wherein the drop supporting surface is 
conical. 

10. A liquid drop forming device as claimed in io 
Claim 9 wherein the cone angle is determined by 

the nature of the liquid being analysed and is such 
as to have substantially zero contact angle between 
the drop and the conical surface. 

11. A liquid drop forming device as claimed In rs 
any of Claims 1 to 6 wherein the drop supporting 
surface is formed by a ring. 

12. A liquid drop forming device as claimed in 
any preceding claim wherein the liquid is delivered 

by a through-hole in tiie body member. ao 

13. A liquid drop forming device as claimed in 
Claim 12 wherein the hole forms a central bore 
exiting at the lowermost portion of the body mem- 
ber. 

14. A liquid drop forming device as claimed* in 25 
Claim 12 wherein the hole communicates witii an 
outer surface of the body member at a position on 

the body member remote from the drop support 
surface for delivery of liquid along tiie outer surface 
of the body member to the drop support surface. ao 

15. A liquid drop forming device as claimed in 
Claim 9 and 14 wherein one or more circular 
grooves extend around the outer surface of the 
body merrtber above tiie conical drop support sur- 
face for distribution of liquid around tiie body mem- ss 
ber. 

16. A liquid drop forming device as claimed in 
any preceding claim In which a secondary liquid 
feed is provided to deliver discrete quantities of 
liquid to the liquid drop supporting surface subse- 40 
quent to a pendant drop having been formed. 

17. A liquid drop fonming device as claimed in 
any preceding claim wherein a surface coating is 
applied to the drop support surface. 

18. A liquid drop forming device as claimed in 46 
any preceding claim in which the device incor- 
porates a drop stimulator. 

19. A liquid drop forming device as claimed in 
Claim 18 wherein the drop stimulator is a vibrator. 

20. A liquid drop forming device as claimed in so 
Claim 19 wherein the vibrator includes a rod for 
projection into a drop. 

21 . A liquid drop forming device as claimed in 
Claim 18 in which ttie drop stimulator is an eliac- 
tricai charge generator. ~ ss 

22. A liquid drop forming device as claimed in 
Claim 18 wherein tiie drop stimulator is a magnetic 
field. 



23. A liquid drop fonming device as claimed in 
Claim 18 in which means is provided to rotate tiie 
body member. 
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